The aim of this work was to examine if the game species from the north-western Poland, roe deer (Capreolus capreolus), red deer (Cervus elaphus) and wild boar (Sus scrofa), may be reservoir hosts of bacteria from the genus Bartonella, and whether the sheep tick (Ixodes ricinus) is their vector. To this end, the prevalence of Bartonella DNA in the tissues of these game species was measured, just as in sheep ticks (I. ricinus) infesting them, and ticks collected from plants in the hunting area. The prevalence of Bartonella DNA was 39% (23/59) in roe deer and 35% (7/20) in red deer. No Bartonella DNA was detected in any of the 21 wild boars. The presence of Bartonella DNA was detected in 1.9% of ticks infesting roe deer (2/103), while no pathogen DNA was found in the 20 ticks infesting the red deer and the 3 ticks infesting wild boars, or the 200 ticks collected from plants. Amplicons of two different lengths were obtained; 198 bp, characteristic for B. bovis, and 317 bp, characteristic for B. schoenbuchensis, which were confirmed later by sequencing. The examined ruminants are probably the reservoir hosts of B. schoenbuchensis and B. bovis in the biotope of the Puszcza Wkrzañska Forest, and wild boars do not participate in the Bartonella propagation in the environment. I. ricinus is unlikely to be the main vector of Bartonella species detected in the examined roe deer and red deer; probably other bloodsucking arthropods, parasitizing wild ruminants, play this role.
Introduction
A common feature of bacteria from the genus Bartonella is their tropism to erythrocytes and the endothelium cells of their host's blood vessels (Schulein et al. 2001) . These pathogens may cause diseases in animals and humans. Various species of bloodsucking arthropods are vectors of Bartonella bacteria, mainly the sand fly, the body lice and the cat flea, depending on the species of Bartonella (Boulouis et al. 2005) . The role of ticks in the transmission of these microorganisms is also considered (Chang et al. 2000) .
Various mammal species are the reservoir hosts of Bartonella bacteria, most frequently cats, dogs, wild and domestic rodents and ruminants, and humans (Chang et al. 2000 , Bown et al. 2004 , Boulouis et al. 2005 . Individual species of Bartonella indicate clear preferences for their hosts, although non-specific infections with various species of Bartonella have been observed increasingly often in mammals which are not their reservoir hosts (Boulouis et al. 2005) . For example, B. bovis, with cattle or other ruminants being its reservoir host, is sporadically detected in cats (Breischwerdt et al. 2001) .
In wild and domestic ruminants, four species of Bartonella have been detected so far: B. schoenbuchensis, B. capreoli, B. bovis and B. chomelii , Bermond et al. 2002 , Maillard et al. 2004a . The aim of this work was to examine if Bartonella bacteria could also be found in the game species from the North-Western Poland, such as roe deer (Capreolus capreolus), red deer (Cervus elaphus), wild boar (Sus scrofa), in ticks Ixodes ricinus infesting the animals, and in the ticks collected from plants in the hunting area. This will help determine if game species in Poland might be the reservoir hosts of the bacteria from the genus Bartonella, and also see if the ticks I. ricinus might be the vectors of these bacteria.
Materials and methods

Animal tissues
In 2005, blood samples (1 ml) and spleen samples (1 cm 3 ) were collected from three game species: 59 roe deer, 20 red deer and 21 wild boars. Blood was transferred into tubes containing Na-EDTA. Blood samples and pieces of spleen were DOI: 10.2478/s11686-008-0058-zfrozen at -70°C until DNA extraction. The animals were shot in the area of Puszcza Wkrzañska Forest, during hunts organized by the Western Pomerania Hunting Association.
Ticks
Ixodes ricinus ticks were collected from the examined animals with tweezers, and the ticks on plants were collected by a drag-flag method. Next, species and stage or gender of collected ticks were determined.
DNA extraction
In order to isolate DNA from the animal and tick tissues, a MasterPure TM DNA Purification Kit (Epicentre, USA) was used, according to the manufacturer's instructions. For extraction, 200 µl of blood and 5 mg of spleen (homogenized in 100 µl PBS) was used. Before extraction, every tick was homogenized with 100 µl PBS, and DNA was extracted using the "Blood Samples Protocol" for gorged ticks or "Tissue Samples Protocol" for engorged specimens.
PCR
The presence of Bartonella DNA in the obtained isolates was detected using a set of Jen1F and B1623R primers, as described previously (Maillard et al. 2004b ). The obtained products underwent electrophoresis in 2% agarose gel stained with ethidium bromide.
Sequencing
Randomly selected PCR products obtained from samples of blood or spleen isolates were sequenced after their purification with a ready-made commercial Clean-Up kit (A&A Biotechnology, Poland) as described by the manufacturer. Purified amplicons were subsequently submitted to DNA Sequencing & Oligonucleotide Synthesis Service (Institute of Biochemistry and Biophysics, Warsaw, Poland; http://oligo.ibb. waw.pl/PSDiSO.html) and dye-terminator cycle sequencing was performed in both directions. The sequences obtained in this study were compared with the GenBank database using the Basic Local Alignment Search Tool (BLAST) at the National Centre for Biotechnology Information.
Statistical analysis
The statistical analysis of Bartonella DNA presence in the examined samples was conducted with a chi-square non-parametric significance test (Domañski 2000 , Kobus et al. 2001 at the assumed level of significance p = 0.05. Data analysis was performed using the software Statistica 6.1.
Results
Ixodes ricinus collection
One hundred three specimens of I. ricinus were collected from roe deer, 20 specimens from red deer and 3 from wild boar (altogether 126 ticks); 42.4% (25/59) of the examined roe deer were infested by ticks, as well as 30% (6/20) of red deer and 4.8% (1/21) of wild boars. The difference between the infestation level in roe deer and red deer was not statistically significant, but the differences between the infestation level between the roe deer and wild boars, and between the red deer and wild boars, were statistically significant. Two hundred specimens of I. ricinus were collected from plants in the hunting area. The ticks collected from the animals and the plants were female, male, and nymphs, no larvae were found. All ticks, apart from females collected from animals, were engorged.
PCR
The presence of Bartonella DNA was detected in the isolates of 39% roe deer (23/59), and 35% red deer (7/20). No Bartonella DNA was found in the isolates from wild boars. We obtained two amplicons of various lengths: about 200 bp (characteristic form B. bovis) and about 300 bp (characteristic for B. schoenbuchensis). The prevalence of DNA of the individual Bartonella species in the blood and spleen of the examined ruminants is presented in Table I .
We did not find any cases of co-infection with B. schoenbuchensis and B. bovis in the examined roe deer and red deer. The statistical analysis showed that the difference in the prevalence of DNA of B. schoenbuchensis and B. bovis was significant in roe deer, and was not statistically significant in red deer. The difference in Bartonella DNA prevalence in general, similarly to the difference in B. schoenbuchensis DNA prevalence between roe deer and red deer was not statistically significant, contrary to B. bovis DNA.
Bartonella DNA was found in the isolates from 1.9% I. ricinus collected from roe deer (2/103). Only B. schoenbuchensis DNA was found, and exclusively in females. All females of I. ricinus with detected Bartonella DNA, infested 408 Bartonella in roe and red deers roe deer in which this pathogen's DNA was also found. In the isolates from ticks collected from other game animals and the plants in the area, no Bartonella DNA was found.
OEl¹ski
DNA sequencing
Sequencing of ITS fragments resulted in nucleotide sequences, which were then registered at the GenBank, where separate access numbers were assigned to them: EF418048-EF418061. The obtained sequences were compared with the sequences available in the GenBank using BLAST software from the NCBI website. The comparison showed that the obtained sequences were characteristic for B. schoenbuchensis (317 bp) and B. bovis (198 bp).
Discussion
In wild ruminants three species of Bartonella have been found so far: B. schoenbuchensis , B. capreoli (Bermond et al. 2002) and B. bovis (Chang et al. 2000 , Maillard et al. 2004b . Since new Bartonella species are being found in individual species of hosts, it is conceivable that the ruminants might be the reservoir hosts of other species pathogenic for humans. In the tissues of the examined roe deer and red deer, DNAs of B. schoenbuchensis and B. bovis were found. The difference in the B. bovis DNA prevalence between roe and red deer was significant, as it was much more frequently detected in red deer, so the results indicated the existence of specific preferences of B. bovis regarding the species of the host. Bartonella DNA was detected more frequently in the isolates from the spleen than from blood. It suggests a difference in the length of time since infection with Bartonella. Because various types of blood cells, including erythrocytes, undergo lysis and phagocytosis in the spleen, it is likely that Bartonella DNA was detected only in the blood at the onset of the infection and only in the spleen at the final phase of the infection. As Bartonella DNA was mainly found in only one of the isolates, the examination of both blood and spleen isolates effectively increased the detection of Bartonella DNA.
Several species of blood-sucking arthropods have been recognised as the vectors of the Bartonella bacteria; the species of Bartonella depending on the species of the arthropod transmitting the pathogen. Few studies have been made on the presence of Bartonella bacteria in various tick species. The presence of the DNA of various Bartonella species was observed in I. pacificus ticks collected from plants in California (Chang et al. 2001) . The presence of B. vinsonii DNA was observed in 60% of 121 ticks I. ricinus collected from roe deer in Denmark (Schouls et al. 1999) . Studies conducted in Italy showed the presence of B. henselae DNA in less than 1.5% (4/271) of the examined specimens of I. ricinus collected from people (Sanogo et al. 2003) . The same species was found in 40% of taiga ticks (I. persulcatus) collected from plants in a pine forest near Novosibirsk (Morozova et al. 2004) . In this study, B. schoenbuchensis DNA was only found in less than 2% of I. ricinus (females) collected from roe deer. All the females infested roe deer, in which this pathogen's DNA was also found. I. ricinus does not seem to be the main vector of Bartonella bacteria in the Puszcza Wkrzañska Forest area. Other bloodsucking arthropods infesting wild ruminants may be such vectors. B. schoenbuchensis and B. chomelii were isolated from flies from the superfamily Hippoboscidae infesting wild ruminants, such as deer fly (Lipoptena cervi), horse tick (Hippobosca equina) and sheep ked (Melophagus ovinus) (Dehio et al. 2004 , Halos et al. 2004 .
The high percentage of roe deer and red deer in which B. schoenbuchensis and B. bovis DNA were found suggests that they are potential reservoir hosts of these bacteria. Bartonella DNA was found in none of the wild boars, so most probably they are not reservoir hosts of Bartonella. The prevalence of Bartonella DNA in various game species shot in the area of the Puszcza Wkrzañska Forest correlates with the degree of infestation with I. ricinus. Since the level of I. ricinus infestation in boars was lower than in the examined ruminants, one should expect lower infestation of wild boars by other bloodsucking arthropods, including the vectors of Bartonella bacteria. The low susceptibility of wild boars to skin parasites is probably caused by their characteristic behavior (frequent mud baths, rubbing against tree trunks) (http:// www.wigry.win.pl/ssaki/index_en.htm), protecting against parasite infestation. However, Bartonella sp. has never been described neither in wild, nor in domestic members of family Suidae, so the lack of wild boars in which Bartonella DNA was found may also be a result of their natural resistance to Bartonella infection. As in the examined game species no human-pathogenic Bartonella DNA was found, and in the examined ticks also no Bartonella species were found, it seems that there is limited risk of contracting bartonellosis by humans in the examined area.
